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SXW JUHDW IRFXV RQ ,QWHOOLJHQW 7UDQVSRUW 6\VWHPV ,76 EXW KDYH GLIIHUHQW FKDUDFWHULVWLFV DQG










$V LGHQWLILHGE\ D IRFXVJURXS FRQVLVWLQJRI UHSUHVHQWDWLYHVRI (XURSHDQ FLWLHV LQ0D\ WKH
GHYHORSPHQWRIDVHWRIFRPPRQ.H\3HUIRUPDQFH,QGLFDWRUV,QGLFHV.3,VFDQDVVLVWLQRYHUFRPLQJWKH
LVVXHRIWKHFRPSDUDWLYHDVVHVVPHQWRIWUDIILFPDQDJHPHQWDQG,76=DYLWVDVHWDOE\SURYLGLQJDQ




WUDIILF PDQDJHPHQW KDYH EHHQ WDFNOHG WUDIILF HIILFLHQF\ WUDIILF VDIHW\ SROOXWLRQ UHGXFWLRQ DQG VRFLDO
LQWHJUDWLRQDQGODQGXVH7KHDLPRIWKLVSDSHULVWRSUHVHQWWZRRIWKHGHYHORSHG.3,VIRUWKHWKHPHVRI
PRELOLW\ DQG WUDIILF DFFLGHQWV ZLWKLQ WKH VWUDWHJLF WKHPHV RI WUDIILF HIILFLHQF\ DQG WUDIILF VDIHW\
UHVSHFWLYHO\ DQG WR GHPRQVWUDWH WKHLU RSHUDWLRQ WKURXJK WKHLU DSSOLFDWLRQ WR D FDVH VWXG\ LQ WKH FLW\ RI
3DULVLQYROYLQJWKHLPSOHPHQWDWLRQRIEXVSULRULW\PHDVXUHV
7KH SDSHU LV VWUXFWXUHG DV IROORZV 6HFWLRQ  SUHVHQWV WKH FRQFHSWXDO IUDPHZRUN RI SHUIRUPDQFH
PHDVXUHPHQW LQ WKH ILHOG RI XUEDQ WUDIILF PDQDJHPHQW DQG ,76 6HFWLRQ  WKHQ LQWURGXFHV WKH QHZ
SHUIRUPDQFHHYDOXDWLRQ IUDPHZRUNDQGSUHVHQWV WKHRSHUDWLYHGHILQLWLRQVRI WKH.3,V IRU WKH WKHPHVRI
WUDIILF HIILFLHQF\ DQG WUDIILF VDIHW\ 7KH DSSOLFDWLRQ RI WKH.3,V WR D FDVH VWXG\ LQ WKH FLW\ RI 3DULV LV
GRFXPHQWHG LQ 6HFWLRQ  DQG WKH UHVXOWV DUH GLVFXVVHG )LQDOO\ 6HFWLRQ  FRQFOXGHV WKH SDSHU DQG
LGHQWLILHVGLUHFWLRQVRIIXWXUHUHVHDUFK
&RQFHSWXDOIUDPHZRUNRISHUIRUPDQFHPHDVXUHPHQW
$V SDUW RI WKH GHILQLWLRQ RI WKH FRQFHSWXDO IUDPHZRUN WKLV VHFWLRQ ILUVW LQGHQWLILHV WKH QHHGV IURP
SHUIRUPDQFHPHDVXUHPHQW LQXUEDQ WUDIILFPDQDJHPHQWDQG,76DQG WKHQSURYLGHVDGHVFULSWLRQRI WKH
GHYHORSPHQWPHWKRGRORJ\RIDFRPPRQHYDOXDWLRQIUDPHZRUN
5HTXLUHPHQWVRISHUIRUPDQFHPHDVXUHV
3HUIRUPDQFHPHDVXUHPHQWDQGPRQLWRULQJVLJQLILFDQWO\ LPSDFW WKHGHYHORSPHQW LPSOHPHQWDWLRQDQG
PDQDJHPHQWRIH[LVWLQJWUDQVSRUWSODQVDQGSURJUDPPHVDQGODUJHO\FRQWULEXWHWRWKHLGHQWLILFDWLRQDQG
DVVHVVPHQWRIDOWHUQDWLYHV0RUHRYHUSHUIRUPDQFHPHDVXUHPHQWDQGPRQLWRULQJHQDEOHREWDLQLQJWKHGDWD
QHFHVVDU\ WR FRPSDUH GLIIHUHQW SURMHFWV DQG SURJUDPPHV LQ IXWXUH VFHQDULRV DQG WR HYDOXDWH WKH VDPH
SURMHFW DQG V\VWHPDW GLIIHUHQW WLPHSRLQWV HJ EHIRUH DQG DIWHUDQDO\VLV$FFRUGLQJO\ GDWD REWDLQHG
IURPSHUIRUPDQFHPHDVXUHV FDQ EH HODERUDWHG LQ RUGHU WR FRQVWUXFW FRPSRVLWH SHUIRUPDQFH LQGLFHV IRU
WKHVHFRPSDULVRQDQGHYDOXDWLRQSXUSRVHVPRVWO\LQWKHPDFUROHYHO
3HUIRUPDQFHPHDVXUHVVKRXOGEHFODVVLILHGDFFRUGLQJWRGLPHQVLRQVRUPDUNHWVHJPHQWV0HDVXUHVDUH
UHODWHG WREURDGJRDO FDWHJRULHV VXFK DV WUDIILF HIILFLHQF\ WUDIILF VDIHW\ SROOXWLRQ UHGXFWLRQ DQG VRFLDO
3104   Ioannis Kaparias et al. /  Procedia - Social and Behavioral Sciences  48 ( 2012 )  3102 – 3112 
LQFOXVLRQ7KHVHPDQ\GLPHQVLRQVPDNHSHUIRUPDQFHEDVHGSODQQLQJPRUHFKDOOHQJLQJ LQ WKH WUDQVSRUW









SHUIRUPDQFHPHDVXUHRIGLIIHUHQW OLQNV URXWHVDQG WUDQVSRUWPRGHVRIDQHWZRUNFDQEHXVHG WRIRUPD
FRPSRVLWH SHUIRUPDQFH LQGH[ RI PRELOLW\ LQ D VLPLODU ZD\ DV WKH &RQVXPHU 3ULFH ,QGH[ LQ
0LFURHFRQRPLFV UHIOHFWV WKURXJK D VLQJOH QXPEHU WKH FRVW RI D EURDG ³PDUNHW EDVNHW´ RI JRRGV DQG
VHUYLFHVUHJXODUO\SXUFKDVHGE\WKHW\SLFDOFRQVXPHU6KHLNKHWDO
3HUIRUPDQFHPHDVXUHPHQWVKRXOGQRWEHDUELWUDU\EXWVKRXOGEHGULYHQIURPDQGFDWHUIRUWKHQHHGVRI
WKH XVHUV RI WKH PHDVXUHV DQG LQGLFHV ZKR LQ WKH FDVH RI XUEDQ WUDIILF PDQDJHPHQW DQG ,76 DUH WKH
SODQQLQJ DXWKRULWLHV RI FLWLHV 7R XQGHUVWDQG ZKDW LV UHTXLUHG IURP DQ HYDOXDWLRQ IUDPHZRUN D IRFXV
JURXS RI  (XURSHDQ FLW\ UHSUHVHQWDWLYHV ZDV KHOG OHDGLQJ WR WKH FRPSLODWLRQ RI D FLW\ ³ZLVKOLVW´
=DYLWVDVHWDO
7KHPRVWLPSRUWDQWUHTXLUHPHQWRQWKLVOLVWZDVWKDWSHUIRUPDQFHPHDVXUHPHQWVKRXOGDVVHVVEHQHILWV
DQG VKRXOG DVVLVW WUDIILFPDQDJHUV LQ WKHLU GHFLVLRQPDNLQJ SURFHGXUHV7KH DVVHVVPHQW RI WKH EHQHILWV
GRHV QRW QHFHVVDULO\ LQGLFDWH WKH GLUHFW FRPSDULVRQ RI WKH HIIHFWLYHQHVV RI D FLW\¶V SROLFLHV DQG












7KH GHYHORSPHQW RI SHUIRUPDQFH PHDVXUHV LQYROYHV WKH GHILQLWLRQ RI JRDOV DQG REMHFWLYHV WKH
VSHFLILFDWLRQ RI WKH GLPHQVLRQV RI SHUIRUPDQFHPHDVXUHV WKH LGHQWLILFDWLRQ RI WKH VHOHFWLRQ FULWHULD IRU
SHUIRUPDQFHPHDVXUHV DQG WKHGHVFULSWLRQRI WKHGDWD UHTXLUHPHQWVDQGDQDO\WLFDO WRROV IRUPRQLWRULQJ
SHUIRUPDQFH([DPSOHV RI SUHYLRXV GHWDLOHG GLVFXVVLRQV RQ SHUIRUPDQFHPHDVXUHV FDQ EH IRXQG LQ WKH
OLWHUDWXUH5HHGHWDO3RLVWHU&DPEULGJH6\VWHPDWLFV,QF&DPEULGJH6\VWHPDWLFV,QF
HWDO0RUHRYHUWKHGHYHORSPHQWRISHUIRUPDQFHPHDVXUHVDVVXPHVUHOHYDQFHDVFRPSRVLWHLQGLFHV
DUH FRQVWUXFWHG IRU WKH SXUSRVH RI FRPSDULQJ GLIIHUHQW SURMHFWV XQGHU GLIIHUHQW IXWXUH VFHQDULRV DQG
HYDOXDWLQJSURMHFWVDWGLIIHUHQWWLPHSRLQWV
(YHQ WKRXJK VRPHWLPHV PLVWDNHQO\ FRQVLGHUHG V\QRQ\PV JRDOV DQG REMHFWLYHV UHSUHVHQW GLIIHUHQW
FRQFHSWV$JRDOLVDJHQHUDOVWDWHPHQWRIDGHVLUHGVWDWHRULGHDOIXQFWLRQRIDWUDQVSRUWV\VWHPHJ³WR
LPSURYHVDIHW\LQWKHFLW\FHQWUH´ZKHUHDVDQREMHFWLYHLVDFRQFUHWHVWHSWRZDUGVDFKLHYLQJDJRDOWKDWLV
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VWDWHG LQ PHDVXUDEOH WHUPV HJ ³WR KDOYH WKH QXPEHU RI DOFRKROUHODWHG WUDIILF IDWDOLWLHV´ 6RPH
SUDFWLWLRQHUVEHOLHYHWKDWDSHUIRUPDQFHVWDQGDUGVKRXOGEHHVWDEOLVKHGIRUHYHU\REMHFWLYHDQGPHDVXUH
EXW VRPH SODQQLQJ RUJDQLVDWLRQV GR QRW XVH SHUIRUPDQFH VWDQGDUGV EHFDXVH RI OLPLWHG H[SHULHQFH LQ
KDQGOLQJ WKH PHDVXUH LQ TXHVWLRQ GHILQLQJ WKH GDWD UHTXLUHPHQWV DQG PDVWHULQJ WKH DQDO\WLFDO WRROV
([SHULHQFH LV IXQGDPHQWDO IRU SODQQLQJ RUJDQLVDWLRQV WR ³VHW WKH EDU´ LQ WHUPV RI GHVLUHG IXWXUH
SHUIRUPDQFH 7KH EUHDGWK DQG GHSWK RI LVVXHV LGHQWLILHG E\ WUDQVSRUW SODQQHUV SURGXFH FKDOOHQJHV IRU
GHFLVLRQPDNHUVZKRIDFHWUDGHRIIGHFLVLRQVWRDYRLGH[FHVVLYHFRPSOH[LW\DVWKHYROXPHRILVVXHVDQG
LQIRUPDWLRQUHTXLUHGLQFUHDVHV'HFLVLRQVDERXWWKHDUHDVLQZKLFKSHUIRUPDQFHVKRXOGEHPHDVXUHGFDQ
ELDV WKH W\SHV RI SURMHFWV WKDW DUH HYHQWXDOO\ LPSOHPHQWHG )RU WKLV UHDVRQ LW LV XVXDOO\ DSSURSULDWH WR
HPSOR\ D YDULHW\ RI PHDVXUHV DFFRXQWLQJ IRU VHYHUDO GHVLUHG RXWFRPHV LQ RUGHU WR HYDOXDWH DQG VHOHFW
SURMHFWVZLWKEURDGHUHIIHFWV
3HUIRUPDQFHPHDVXUHVDUHUHTXLUHGWRVDWLVI\VRPHRIWKHSURSHUWLHVWKDWE\GHILQLWLRQFRQVWLWXWHWKHLU
VHOHFWLRQ FULWHULD )LUVW DQG IRUHPRVW SHUIRUPDQFH PHDVXUHV VKRXOG EH PHDVXUDEOH ZLWK WKH WRROV DQG
UHVRXUFHVDYDLODEOHZLWKDGHTXDWHDFFXUDF\DQGZLWKHDVLO\REWDLQDEOHGDWD PHDVXUDELOLW\7KHQ WKH\
VKRXOG HQDEOH FRPSDULVRQ RI IXWXUH VWUDWHJLHV WKURXJK H[LVWLQJ IRUHFDVWLQJ WRROV SUHGLFWDELOLW\ WKH\
VKRXOGEHXQGHUVWDQGDEOH WRSROLF\PDNHUVSURIHVVLRQDOVDQGDOVR WKHJHQHUDOSXEOLF FODULW\DQG WKH\






UHOHYDQW WR WKH SODQQLQJ DQG SURMHFW GHVLJQ SURFHVVHV VR DV WR SURYLGH VXSSRUW WR GHFLVLRQPDNHUV
UHOHYDQFH
3HUIRUPDQFH PHDVXUHV DUH VHOHFWHG DOVR DFFRUGLQJ WR GDWD UHTXLUHPHQWV DV LW LV RIWHQ WKH FDVH LQ
SUDFWLFHWKDWDOOWKHQHHGVDQGFRVWVDULVLQJIURPWKHFROOHFWLRQRIWKHQHFHVVDU\GDWDFDQQRWEHDGGUHVVHG
2SHUDWLRQVRULHQWHG PHDVXUHV UHO\ WR VRPH H[WHQW RQ WUDGLWLRQDO GDWD FROOHFWLRQ SURJUDPPHV DQG
WHFKQLTXHVEXWPRUHEURDGO\GHILQHGRXWFRPHPHDVXUHVDUHOLNHO\WRUHTXLUHDGGLWLRQDOW\SHVRUTXDQWLWLHV
RI GDWD )RU H[DPSOH WUDIILF HIILFLHQF\ PHDVXUHV IUHTXHQWO\ QHFHVVLWDWH VDPSOH GDWD RQ WUDYHO WLPH RU
VSHHGZKLOHVRFLDO LQFOXVLRQPHDVXUHVUHTXLUHVSDWLDOO\DOORFDWHGWUDYHODQGVRFLRHFRQRPLFLQIRUPDWLRQ
,QJHQHUDOWKHGDWDQHHGVRISHUIRUPDQFHPHDVXUHVFDQEHFRYHUHGE\WKHIROORZLQJVRXUFHVVXUYH\VHJ
KRXVHKROG VWDWHGSUHIHUHQFH SXEOLF WUDQVSRUW HWF WUDIILF PRQLWRULQJ HJ WUDIILF FRXQWV YHKLFOH
FODVVLILFDWLRQHWFKLJKZD\SHUIRUPDQFHPRQLWRULQJHJHQYLURQPHQWDO LPSDFWVDFFLGHQWVGDWD WUDYHO
DFWLYLW\ HWF DQG ,76 GDWD HJ 'HGLFDWHG 6KRUW 5DQJH &RPPXQLFDWLRQV $XWRPDWLF 1XPEHU 3ODWH
5HFRJQLWLRQ HWF 7KH DSSURDFK PRVW XVHG LQ SUDFWLFH FRQVLVWV RI LGHQWLI\LQJ WKH LGHDO PHDVXUHV WKDW





WRERWK FRPSDUHGLIIHUHQW DSSOLFDWLRQVSROLFLHV DW WKH VDPH WLPHSRLQW LQ WKH IXWXUH DQG WR HYDOXDWH WKH
VDPHDSSOLFDWLRQDWGLIIHUHQW WLPHSRLQWV7KHUHOLDELOLW\RIWKHFROOHFWHGGDWDLVD IXUWKHULVVXHDIIHFWLQJ
GDWDUHTXLUHPHQWVDVLQWKHFDVHRIVXUYH\VLWLVGHSHQGHQWRQWKHULJRURXVSUHSDUDWLRQDQGFRQGXFWDQGLQ
WKH FDVH RI WUDIILF PRQLWRULQJ KLJKZD\ PRQLWRULQJ DQG ,76 UHOLHV RQ WKH FRUUHFW LQVWDOODWLRQ DQG
IXQFWLRQLQJRI WKHHTXLSPHQW0RVW LPSRUWDQWO\GDWD UHTXLUHPHQWVFRQFHUQ VLPSOLFLW\RIFROOHFWLRQDQG
HODERUDWLRQDVSHUIRUPDQFHPHDVXUHVDQGLQGLFHVVKRXOGEHHDVLO\XQGHUVWDQGDEOHDVDXWKRULWLHVQHHGWR
DSSO\ WKHP ZLWKRXW JUHDW GLIILFXOW\ DQG ZLWK UHVRXUFHV UHDGLO\ DYDLODEOH DQG DOVR QHHG WR PDUNHW WKH










3HUIRUPDQFH PHDVXUHV UHIOHFWLQJ WKH DERYHPHQWLRQHG FRQVLGHUDWLRQV KDYH WKH DELOLW\ WR HIIHFWLYHO\
HYDOXDWHWKHRXWSXWVRIVSHFLILFSURMHFWV+RZHYHUZKHQDWWHPSWLQJWRFRQGXFWDKLJKHUOHYHOHYDOXDWLRQ
WKURXJK D PXOWLGLPHQVLRQDO EHQFKPDUNLQJ VFKHPH FRPSDULQJ GLIIHUHQW FLWLHV ZLWK HDFK RWKHU
SHUIRUPDQFHPHDVXUHVDUHJHQHUDOO\QRWVXLWDEOH7KHUHDVRQLVWKDWVXFKDWDVNQHFHVVLWDWHVWKHV\VWHPDWLF
DQG V\QWKHWLF GHVFULSWLRQ RI WKH FLWLHV¶ WUDQVSRUW SROLFLHV DQG LQIUDVWUXFWXUHV DQG WKH DQDO\VLV RI WKHLU
LPSDFWVZKLFKFDQRQO\EHH[SUHVVHGE\DVHWRIPHDVXUHV UHIOHFWLQJHDFK LQGLYLGXDOVFKHPHHYDOXDWHG
&LDQIDQRHWDO7KLVLVVXHFUHDWHVGLIILFXOWLHVLQWKHFRPPXQLFDWLRQRIWKHUHVXOWVWRQRQWHFKQLFDO
DXGLHQFHV DQG D FRPPRQ ZD\ WR GHDO ZLWK LW LV WR FRPELQH LQGLYLGXDO SHUIRUPDQFH PHDVXUHV LQWR
FRPSRVLWH SHUIRUPDQFH LQGLFHV .3,V &DPEULGJH6\VWHPDWLFV ,QF =KRX HW DO 2(&'	
-5&
7KHPDLQDGYDQWDJHRI.3,VLVVLPSOLFLW\DVLWLVPXFKHDVLHUWRXQGHUVWDQGDQGJUDVSDVLQJOHQXPEHU
UDWKHU WKDQ D ODUJH FROOHFWLRQ RI LQGLYLGXDOPHDVXUHVZKRVHPHDQLQJRIWHQ UHTXLUHV WUDLQHG LQVLJKW DQG
FDUHIXODQDO\VLV7KHGLVDGYDQWDJHQHYHUWKHOHVVLVWKDWDQDJJUHJDWHQXPEHUGRHVQRWSURYLGHLPPHGLDWH




V\VWHP SHUIRUPDQFH 7KLV FRRSHUDWLRQ EHWZHHQ PRGHV DQG VHFWRUV HQKDQFHV DZDUHQHVV EURDGHQV
SHUVSHFWLYHVDQGOHDGVWRPRUHFRPSUHKHQVLYHVROXWLRQV
,Q OLQHZLWK WKH(XURSHDQ&RPPLVVLRQ¶VVWUDWHJ\RQ WKHIXWXUHRI WUDQVSRUWDVSUHVHQWHG LQ WKH
DQGZKLWHSDSHUVDSHUIRUPDQFHHYDOXDWLRQIUDPHZRUNZDVGHILQHGFRQVLVWLQJRIDVHWRIPHDVXUHV
DQG.3,VIRUWKHIRXUVWUDWHJLFWKHPHVRIWUDIILFHIILFLHQF\WUDIILFVDIHW\SROOXWLRQUHGXFWLRQDQGVRFLDO
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QHWZRUNZLGHOHYHOLHEHWZHHQDODUJHQXPEHURIRULJLQDQGGHVWLQDWLRQ]RQHVDFURVVWKHFLW\DQGPD\
UHIHUWRWKHSULYDWHRUSXEOLFWUDQVSRUWQHWZRUNVRQWKHLURZQRUWRWKHHQWLUHV\VWHP
7KH SULPDU\ FRQVWLWXHQW SHUIRUPDQFH PHDVXUH RI PRELOLW\ LV WKH DYHUDJH WUDYHO WLPH +HQFH WKH
PRELOLW\ SHUIRUPDQFH .3, GHILQHG KHUH HVVHQWLDOO\ HQFRPSDVVHV WKH DYHUDJH WUDYHO WLPH WR GLIIHUHQW
GHVWLQDWLRQV LQ WKH KLJKZD\ DQG SXEOLF WUDQVSRUW QHWZRUNV H[SUHVVHG LQ WLPH XQLWV QRUPDOLVHG E\ WKH
GLVWDQFH WR WKH GHVWLQDWLRQV DQG ZHLJKWHG E\ LPSRUWDQFH DFFRUGLQJ WR WKH JRDOV DQG REMHFWLYHV RI WKH
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DVPDQ\ SHRSOH DUH LQYROYHG LQ URDG DFFLGHQWV HYHU\ GD\ RIWHQ VXIIHULQJ LQMXU\ RU GHDWK$ YDULHW\ RI
PHDVXUHVDLPLQJDWUHGXFLQJWUDIILFDFFLGHQWVKDYHEHHQLQWURGXFHGWKURXJKRXWWKHODVWGHFDGHVZLWK,76
LQFUHDVLQJO\ SOD\LQJ D SURPLQHQW UROH HJ FROOLVLRQ FRQWURO YDULDEOH VSHHGZDUQLQJ VLJQV HWF$V LV
H[SHFWHG WKH LPSURYHPHQWRI WUDIILF VDIHW\ LV D SULRULW\ IRU FLW\ DXWKRULWLHV DQG WKHTXDQWLILFDWLRQRI D
FLW\¶VSHUIRUPDQFHLQWKDWDVSHFWLVHVVHQWLDO
7KHVDIHW\OHYHORIWUDQVSRUWLQIUDVWUXFWXUHLVGHILQHGE\WKHQXPEHURIDFFLGHQWVRQRQHKDQGDQGE\
WKH LPSDFW RI WKH DFFLGHQWV RQ WKH RWKHU $FFLGHQW QXPEHUV DUH IDLUO\ VWUDLJKWIRUZDUG WR REWDLQ DQG
DQDO\VHKRZHYHUWKHTXDQWLILFDWLRQRIWKHLPSDFWLVPRUHFRPSOH[DQGLVPRVWO\PHDVXUHGDVWKHQXPEHU
RISHRSOH LQMXUHGRUNLOOHG (OYLNHW DO7KHPDLQ IDFWRUV LQIOXHQFLQJ URDG LQMXULHVDUH H[SRVXUH
WKHDPRXQWRIWUDYHODFFLGHQWUDWHWKHULVNRIDFFLGHQWSHUXQLWRIH[SRVXUHDQGDFFLGHQWVHYHULW\WKH
RXWFRPHRIDFFLGHQWVFRQFHUQLQJLQMXULHV
%DVHGRQWKHVHFRQVLGHUDWLRQVD.3,IRUWUDIILFDFFLGHQWVLVGHILQHG WDNLQJLQWRDFFRXQW WKHIDFW WKDW
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D VSHFLILF VHYHULW\ VH IURP WKH VHW RI SRVVLEOH VHYHULW\ OHYHOV 6( XQLQMXUHG VOLJKWO\
LQMXUHGVHULRXVO\LQMXUHGRUNLOOHG











,W VKRXOG EH QRWHG WKDW WKH LQGH[ GHILQHG E\ HTXDWLRQ  FRQVLGHUV WKDW DFFLGHQWV RFFXU RQ OLQNV
1HYHUWKHOHVVGXHWRWKHIDFWWKDWWUDIILFPDQDJHPHQWDQG,76DSSOLFDWLRQVKDYHGLIIHUHQWLPSDFWDUHDVLW
LV RIWHQ PRUH DSSURSULDWH WR GLIIHUHQWLDWH EHWZHHQ DFFLGHQWV DW OLQNV DQG MXQFWLRQV ,Q WKDW FDVH DQ




7R GHPRQVWUDWH WKH RSHUDWLRQ DQG DSSOLFDELOLW\ RI WKH SHUIRUPDQFH HYDOXDWLRQ IUDPHZRUN WKH .3,V
GHILQHG DERYH DUH DSSOLHG WR D FDVH VWXG\ LQ WKH FLW\ RI 3DULV VR DV WR FRQGXFW D EHIRUH DQG DIWHU
DVVHVVPHQWRIWKHSHUIRUPDQFHRIWKUHHEXVOLQHVIROORZLQJWKHLPSOHPHQWDWLRQRISULRULW\PHDVXUHV
&DVHVWXG\%XVSULRULW\LQ3DULV
,Q  WKH 3DULV SXEOLF WUDQVSRUW DXWKRULW\ ³6\QGLFDW GHV WUDQVSRUWV G
ÌOHGH)UDQFH 67,)´
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FXUUHQWSRVLWLRQDQGDQWLFLSDWHGWLPHRIDSSURDFK$SSUR[LPDWHO\VLJQDOLVHGMXQFWLRQVZHUHDIIHFWHG
LQYROYLQJDWRWDOFRVWRILQVWDOODWLRQLQH[FHVVRI¼PLOOLRQ,WZDVDQWLFLSDWHGWKDWWKHDSSOLFDWLRQRIWKH






HDFK RI WKH WKUHH EXV OLQHV KDV EHHQ EURNHQ XS LQWR IRXU URXWH VHJPHQWV RI JLYHQ OHQJWK SHU GLUHFWLRQ
UHVXOWLQJ LQHLJKW URXWH VHJPHQWVSHU OLQHDQG URXWH VHJPHQWV LQ WRWDO$YHUDJHSHDNWLPHEXV WUDYHO
WLPHVIRUHDFKRIWKHURXWHVHJPHQWVKDYHEHHQPHDVXUHGRYHUSHULRGVEHIRUHDQGDIWHUWKHLPSOHPHQWDWLRQ
RIWKHSULRULW\ LQRUGHUWRLGHQWLI\WUDYHOWLPHJDLQV)XUWKHUPRUHDQXPEHURIURXWHVHJPHQWVRIJLYHQ






7KH UHVXOWV RI WKHPRELOLW\ DVVHVVPHQW DUH VKRZQ LQ7DEOH$V FDQEH VHHQ WKHSULRULW\PHDVXUHV
DSSHDU WRKDYH UHVXOWHG LQD UHGXFWLRQRI WKHSXEOLF WUDQVSRUW WUDYHO UDWHYDOXHV DQGKHQFH LQ LPSURYHG
SXEOLFWUDQVSRUWPRELOLW\IRUDOOWKUHHOLQHV&RQVHTXHQWO\DQRYHUDOOGHFUHDVHIURPPLQNPWR
PLQNP IRU SXEOLF WUDQVSRUW LV UHFRUGHG DFURVV WKH WKUHH OLQHV FRUUHVSRQGLQJ WR DQ LPSURYHPHQW
UHGXFWLRQRILQSXEOLFWUDQVSRUWPRELOLW\2QWKHRWKHUKDQGWKHSULRULW\PHDVXUHVVHHPWRKDYH
QHJDWLYHO\ DIIHFWHG SULYDWH WUDQVSRUWPRELOLW\ RQ OLQHV  DQG  UHVXOWLQJ LQ LQFUHDVHG DYHUDJH WUDYHO
UDWHVEXWQRWRQOLQHIRUZKLFKVOLJKWO\LPSURYHGSULYDWHWUDQVSRUWPRELOLW\LVUHFRUGHG&RQVHTXHQWO\
WKHRYHUDOO SULYDWH WUDQVSRUWPRELOLW\KDV VHHQ DPDUJLQDO GHWHULRUDWLRQRI  H[SUHVVHG DV D VOLJKW
LQFUHDVHLQWKHDYHUDJHWUDYHOUDWHIURPWRPLQNP
,QRUGHUWRGHWHUPLQHWKHRYHUDOOFKDQJHLQPRELOLW\WKHZHLJKWVZ39 DQGZ37 KDYHEHHQVHW









%HIRUH $IWHU &KDQJH %HIRUH $IWHU &KDQJH %HIRUH $IWHU &KDQJH
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$FFLGHQWVDVVHVVPHQW
,Q WKH HYDOXDWLRQ RI WKH EXV SULRULW\ VFKHPH LQ WHUPV RI DFFLGHQWV RQO\ GDWD IURP OLQH  KDV EHHQ
DYDLODEOHVSOLWLQIRXUVHJPHQWVSHUGLUHFWLRQLHDWRWDORIHLJKWURXWHVHJPHQWV1DPHO\WKHQXPEHUV
RIFDVXDOWLHVGXH WRURDG WUDIILFDFFLGHQWVRYHU IRXU\HDUSHULRGVEHIRUHDQGDIWHU LPSOHPHQWDWLRQRI WKH
SULRULW\VFKHPHKDYHEHHQVXSSOLHGFDWHJRULVHGDFFRUGLQJWRVHYHULW\GHDWKVHULRXVLQMXU\VOLJKWLQMXU\
DQG URDG XVHU W\SH SHGHVWULDQ F\FOH ZKHHOHU ZKHHOHU ,Q DGGLWLRQ DYHUDJH GDLO\ YHKLFOH WUDIILF
IORZVKDYHEHHQREWDLQHG IRU WKH UHVSHFWLYH VHJPHQWV DQGSHULRGV7KH DFFLGHQWV.3, DV H[SUHVVHGE\
(TXDWLRQ  LVXVHG WRSHUIRUPD VDIHW\DVVHVVPHQWRI WKHSULRULW\ V\VWHPRQ OLQH IRU WKHGLIIHUHQW
VHYHULW\ FDWHJRULHV VHSDUDWHO\ WDNLQJ HTXDO ZHLJKWV IRU HDFK RI WKH URXWH VHJPHQWV )ROORZLQJ D
FRQVXOWDWLRQ ZLWK D JURXS RI H[SHUWV IURP WKH0XQLFLSDOLW\ RI 3DULV WKH ZHLJKWV IRU FDVXDOWLHV RI WKH





:HLJKWV 'HDWKV 6HULRXVLQMXULHV 6OLJKWLQMXULHV 2YHUDOO
%HIRUH $IWHU %HIRUH $IWHU %HIRUH $IWHU %HIRUH $IWHU
&\FOHV         
ZKHHOHUV         
ZKHHOHUV         
3HGHVWULDQV         
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
7KHUHVXOWVRIWKHDFFLGHQWVDVVHVVPHQWDUHVKRZQLQ7DEOH$VFDQEHVHHQWKHSULRULW\PHDVXUHVRQ
EXV OLQH  DSSHDU WR KDYH UHVXOWHG LQ PDUJLQDOO\ LPSURYHG FDVXDOW\ UDWHV IRU GHDWKV DQG LQ QRWDEO\
LPSURYHG VOLJKW LQMXULHV UDWHV FRUUHVSRQGLQJ RFFXUUHQFHV SHU PLOOLRQ YHKLFOHV YDOXHV VHHP WR KDYH
GURSSHG IURP WR  DQG IURP WR  UHVSHFWLYHO\+RZHYHU LW FDQ DOVR EH VHHQ WKDW WKHVH
ILQGLQJVDUHDFFRPSDQLHGE\DZRUVH VHULRXV LQMXULHV UDWHZLWK WKH LQFUHDVHGQXPEHURISHGHVWULDQDQG
F\FOHVHULRXVLQMXULHVLQGXFLQJDULVHRIWKHFRUUHVSRQGLQJLQGH[YDOXHIURPWRRFFXUUHQFHVSHU
PLOOLRQ YHKLFOHV&RPSLOLQJ WKH WKUHH SDUWLDO LQGLFHV WR GHWHUPLQH WKH RYHUDOO FKDQJH LQ FDVXDOW\ OHYHOV
ZLWKWKHKHOSRIWKHH[SHUWVWKHZHLJKWVIRUWKHVHYHULW\OHYHOVKDYHEHHQVHWWRZGHDWK ZVHU 








EHWWHUPRELOLW\ IRUSXEOLF WUDQVSRUWZLWKRXWGHWHULRUDWLRQRISULYDWH WUDQVSRUWPRELOLW\DQGFRQVHTXHQWO\
EHWWHURYHUDOOPRELOLW\RQDOOWKUHHEXVOLQHV$FFLGHQWVRQWKHRWKHUKDQGDSSHDUWRKDYHVWD\HGDWIDLUO\
FRQVWDQW OHYHOV DV D ZKROH ZLWK WKH LQFUHDVHG LQGH[ YDOXHV RI VHULRXV LQMXULHV DQG SHGHVWULDQV EHLQJ
ODUJHO\DWWULEXWHGWRWKHIDFWWKDWWKHVPDOOHUFDVXDOW\RFFXUUHQFHQXPEHUVRIWKRVHFDWHJRULHVDUHZHLJKWHG
PRUHKHDYLO\ WKDQ WKH KLJKHURFFXUUHQFHQXPEHUVRI VOLJKW LQMXULHV ,W VKRXOGEHQRWHG WKDW WKHSULRULW\
PHDVXUHV KDYH DOVR UHVXOWHG LQ D GURS LQ YHKLFOH WUDIILF YROXPHDORQJ OLQHZKLFKPD\ KDYH IXUWKHU
FRQWULEXWHGWRLQFUHDVHVLQDFFLGHQWLQGH[YDOXHV1HYHUWKHOHVVWKHVWXG\KLJKOLJKWVDSRWHQWLDO³FROODWHUDO
GDPDJH´RI WKHEXVSULRULW\VFKHPHDQG LWPD\EHZRUWK IXUWKHU LQYHVWLJDWLQJ WKHFLUFXPVWDQFHVRI WKH
SHGHVWULDQFDVXDOWLHVLQTXHVWLRQ




LPSDFW LQ WHUPV RI VDIHW\ ZKLFK SRWHQWLDOO\ UHTXLUHV DWWHQWLRQ 7KLV GHPRQVWUDWHV WKH DSSOLFDELOLW\ DQG
XVHIXOQHVVRIWKH.3,VWKXVIRUPLQJWKHILUVWVWHSRIWKHLUYDOLGDWLRQSURFHVV
&RQFOXVLRQV
:KLOHXUEDQ WUDIILFPDQDJHPHQWDQG,76DUHFKDUJHGZLWK WKH WDVNRIGHDOLQJZLWK WRGD\¶V WUDQVSRUW














8UEDQ ,QWHOOLJHQW 7UDQVSRUW 6\VWHPV SURMHFW ZZZFRQGXLWVHX ZKLFK ZDV IXQGHG E\ WKH (XURSHDQ
&RPPLVVLRQXQGHU WKHWK)UDPHZRUN3URJUDPPH IRU5HVHDUFKDQG'HYHORSPHQW7KHPH³7UDQVSRUW
LQFOXGLQJ $HURQDXWLFV´ 7KH DXWKRUV ZRXOG DOVR OLNH WR WKDQN WKH &LW\ RI 3DULV IRU VXSSO\LQJ WKH
QHFHVVDU\GDWDDQGIRUSURYLGLQJDVVLVWDQFHLQWKHFRQGXFWRIWKHFDVHVWXG\
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&LDQIDQR 0 *HQWLOH * 1XVVLR ) 7XIIDQHOOL  * 5RVVL 3 9HUJLQL 5 	 7HUHQ]L * 
7UDQVSRUWDQGPRELOLW\ LQGLFDWRUVEDVHGRQ WUDIILFPHDVXUHV±*RRGSUDFWLFHVJXLGHERRN&,7($,5 ,,
'HOLYHUDEOH














2UJDQLVDWLRQ IRU (FRQRPLF &RRSHUDWLRQ DQG'HYHORSPHQW 2(&'	 -RLQW 5HVHDUFK &HQWUH -5& RI WKH
(XURSHDQ&RPPLVVLRQ +DQGERRN RQ FRQVWUXFWLQJ FRPSRVLWH LQGLFDWRUV ±0HWKRGRORJ\ DQG XVHU
JXLGH
3RLVWHU 7 +  3HUIRUPDQFH PHDVXUHPHQW LQ VWDWH 'HSDUWPHQWV RI 7UDQVSRUWDWLRQ 6\QWKHVLV RI
KLJKZD\SUDFWLFH:DVKLQJWRQ7UDQVSRUWDWLRQ5HVHDUFK%RDUG
5HHG0 ) /XHWWLFK 5$ /DPP / 3	+XPSKUH\ 7 ) 0HDVXULQJ VWDWH WUDQVSRUWDWLRQ
SURJUDPSHUIRUPDQFH1&+53UHSRUW:DVKLQJWRQ)HGHUDO+LJKZD\$GPLQLVWUDWLRQ
6KHLNK0%RNDHL01$OLMDQL+6DDGDWPDQG0+RVVHLQL6	6KDUDKL,,QYHVWLJDWLQJ
UHODWLRQVKLS EHWZHHQ &RQVXPHU 3ULFH ,QGH[ DQG 3URGXFHU 3ULFH ,QGH[ DQG 'LYLGHQG 3HU
6KDUH$XVWUDOLDQ-RXUQDORI%XVLQHVVDQG0DQDJHPHQW5HVHDUFK
=DYLWVDV..DSDULDV,	%HOO0*+7UDQVSRUWSUREOHPVLQFLWLHV&21'8,76'HOLYHUDEOH
=KRX 3 $QJ % : 	 3RK . /  &RPSDULQJ DJJUHJDWLQJ PHWKRGV IRU FRQVWUXFWLQJ WKH
FRPSRVLWHHQYLURQPHQWDOLQGH[$QREMHFWLYHPHDVXUH(FRORJLFDO(FRQRPLFV
